hyper-activity or increased adhesiveness of platelets (Freedman, 2008) . For example, oxidative stress 32 observed in conditions such as T2DM (Wellen and Hotamisligil, 2005) causes impaired muscle 33 glucose uptake (Blair et al., 1999) , lipid oxidation and endothelial cell damage/dysfunction, leading 34 to platelet activation, increased risk of thrombosis and cardiac complications (Boullier et al., 2001) . 35
The coagulation and activation state of platelets represents an important biomarker for the prediction 36 of future CVD. Arterial wall endothelial damage or atheromatous plaque injury represent initial steps 37 in platelet related thrombogenesis. Platelets then adhere to the damaged endothelium; undergo a 38 physical change in shape, followed by degranulation and activation. Platelet activation results in 39 binding of fibrinogen to receptors on the platelet surface finally resulting in thrombus formation. uncontrolled free radical (oxidation) reactions may occur within milliseconds (Kaliora et al., 2006) . 94 RONS also interact with lipids leading to lipid peroxide formation in biological membranes by 95 attacking the double bonds of polyunsaturated fatty acids (PUFAs) (Halliwell et al., 1995) . Lipid 96 peroxides may interact with biological targets inducing cytotoxicity (Bors et al., 1990b , Bors et al., 97 1990a ). Furthermore, the formation of lipid peroxides may lead to oxidation of low density 98 lipoprotein (LDL), which upon being engulfed by macrophages, interact with platelets and develop 99 into foam cells, accelerating the progression of atherosclerosis (Shashkin et al., 2005) . The sensitivity 100 of LDL to oxidative damage depends on an appropriate balance between the amount of PUFAs and 101 antioxidant concentrations within the vascular wall (Stocker and Keaney, 2004) . The LDL particle 102 itself contains various antioxidants (e.g. tocopherols, β-carotene, ubiquinol 10, criptoxantine) that 103 protect from it non-enzymatic oxidation (Esterbauer et al., 1992) . Sources of ROS such as 104 macrophages and neutrophils, that contain the membrane bound nicotinamide adenine dinucleotide 105 phosphate-oxidase (NADPH) complex, are capable of generating substantial amounts of superoxide 106 anion and also play important roles in the destruction of invading pathogens (Quinn et al., 2006) . 107 RONS, therefore, can participate in many potentially beneficial events in-vivo, including energy 108 production, pathogen destruction, and intercellular signalling regulation. However, when the balance 109 of RONS production exceeds that of antioxidant defence, reactive species predominate which then 110 attack biological macromolecules, namely, lipids, proteins and DNA, inducing oxidation and causing 111 membrane damage, enzyme inactivation and DNA damage (Halliwell and Gutteridge, 1999 addition, chelating agents that bind metal ions are also classified as antioxidants due to their ability to 120 inhibit reduction-oxidation reactions (Percival, 1998) . Cell culture and animal studies have shown 121 that antioxidants preserve nitric oxide bioactivity under oxidative stress conditions (Freedman, 2008) . 122
Since oxidative stress affects platelet function, it can also be hypothesized that the action of 123 antioxidants could be a result of promoting nitric oxide's anti-platelet effect from both endothelial 124 cells and platelets. 125
Antiplatelet therapy (e.g. aspirin) has been fundamental to the prevention and management of 126 promotes synthesis of diacylglycerol leading to long term activation of PKC isoforms responsible for 163 decreased nitric oxide (NO) (Ganz and Seftel, 2000) and endothelial nitric oxide synthase 164 (Korantzopoulos et al.) production (Kuboki et al., 2000) . Due to insulin resistance in adipocytes, 165 release and oxidation of free fatty acids results in increased superoxide production, inactivating 166 important anti-atherosclerotic enzymes such as eNOS and prostacyclin synthase (Giacco and 167 Brownlee, 2010) . This response induces a switch towards a pro-thrombotic, pro-inflammatory 168 condition and contributes to the pathogenesis of atherosclerosis (Figure 1 ). In addition to 169 hyperglycaemia and insulin resistance/hyper-insulinaemia, interestingly, plasminogen activator 170 inhibitor-1 (PAI-1), which contributes to the pathogenesis of atherosclerosis (Alessi and  171 Juhan-Vague, 2006), strongly correlates to the extent of visceral body fat and body mass index 172 (Alessi et al., 1997). PAI-1 is a glycoprotein that is secreted by platelets when triggered by thrombin, 173 serves as an antagonist to plasminogen creating a pro-thrombotic state. This suggests that visceral fat 174
is an important contributor to elevated PAI-1 levels and individuals with increased abdominal 175 visceral fat are more prone to pro-thrombotic conditions when compared to general obese states 176 without central obesity. synthesis (Davi et al., 1990) . 196 F  o  r  P  e  e  r  R  e  v  i  e  w 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 foods. Fruits and vegetables are often ranked using measures of their antioxidant capacity, quantified 238 using the Oxygen Radical Absorbance Capacity (ORAC) assay, which reflects the combined 239 antioxidant effects of vitamin C, carotenoids, polyphenols, and other constituents (Singh et al., 240 2006b ). Broccoli, green tea, soybean, kale, red beets, cranberries, cocoa, blackberry, red grapes, 241 blueberry, prunes, garlic, and citrus fruits represent some of the richest sources of phenolic 242 antioxidants derived from plant material (Grajek et al., 2005) , derived using their ORAC scores 243 (Singh et al., 2006b ). Many of these fruits (cranberry, strawberry, papaya, acai berry, blackberry, 244 raspberry and plums) have been administered in human research studies (Felgines et of effects on platelet (Michelson et al., 1996) and vascular function (Grabowski et al., 1996 , Li et al., 297 1996 which could reduce the risk of CHD (Rajasekhar et al., 1994) In addition to the free radical scavenging properties of dietary polyphenols, recent evidence 317 suggests that they also play an important role in transcriptional gene regulation (Holst and 318 Williamson, 2008). For example, phytochemicals including curcumin, dithiolethiones and 319 triterpenoids are responsible for the activation of the Nrf2-Keap1 (nuclear factor eruthroid-2 related 320 factor 2/kelch-like ECH-associated) pathway which regulates the transcription of glutathione 321 peroxidases, heme-oxigenase-1, thioredoxin reductase-1 involved in antioxidant defence (Holst and 322 Williamson, 2008) . Nrf2 also activates other inflammation-signalling pathways such as NF-ĸB 323 (nuclear transcription factor ĸB) (Kensler et al., 2007) . Furthermore, polyphenols can also activate 324 generalised adaptive cellular responses to oxidative stress by acting in a pro-oxidant manner or as 325 low-dose stressors (Holst and Williamson, 2008 ). These actions demonstrate that polyphenols might 326 act as hormetic molecules preparing cells for defence against oxidative stress. 327
Besides health promoting aspects of polyphenols, it should also be acknowledged that potentially 328 adverse effects have also been documented. Resveratrol, a phenolic component commonly found in 329 red wine and grapes, helps improve lipid profile and glucose concentrations in rats fed a diet high in 330 fats, however, induces hepatic oxidative stress in rats fed a standard diet (Rocha et al., 2009) . 331
Epigallocatechin-3-gallate (EGCG), the main phenolic component in green tea, is also known for its 332 antioxidant activity, but in excess can induce the formation of radical species causing oxidative cell 333 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 . In addition to their potential pro-oxidant effects, the bioavailability of phenolic compounds 337 can be poor. Due to the glycosidic sugar moieties in the structure of polyphenols, their hydrophilicity 338 increases and no enzyme is known to break the glycosidic bond, for its efficient passage through the 339 gut wall (Cartea et al., 2010) . 340
Relationship between structure and antioxidant activity 341 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 2011). The short term (few hours after ingestion) and long term (4 weeks, 2 bars/day) effect of 394 flavanol rich chocolate on platelet and endothelial function was also investigated in congestive heart 395 failure patients (Flammer et al., 2012) . Endothelial function, assessed by flow-mediated 396 vasodilatation, improved after 2 hours and 4 weeks of ingestion. Platelet adhesion significantly 397 decreased after short-term ingestion; however, long-term supplementation had no effect. 398
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